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Description 

The invention relates to sulfomethylated poly- 
mers comprising poly(sulfomethylacrylamlde) units 
and to the preparation of sulfomethyl 5 
poiyacrylamide polymers. 

In the US patent 39 79 348 a method of 
preparing water-soluble anionically modified ac- 
ryiamide polymers in form of water-in-oil emulsion 
is disclosed where an adduct formed by formal- io 
dehyde and sulfurous acid is added to an ac- 
rylamide polymer which has a molecular weight of 
10.000 to 23 million and a particle size of 2 nm to 
5 fim and reacted. The temperature of reaction 
should not exceed 100*C; the temperature in the 75 
working example (no. 6) is 52 *C. Structure of the 
product of reaction was not investigated and no 
spectroscopic evidenced for the presence of sul- 
fomethylamide groupings in the polymer are given. 

The US patent 27 61 834 describes polymers 20 
which are obtained by treating a homopolymer 
comprising acrylamide or methacrylamide units 
with a sulfurous acid compound. It is stated that the 
reaction can also be accomplished with simulta- 
neous addition of formaldehyde and a sulfurous 25 
acid compound at temperatures which may vary 
between 20 'C and 100* C. It is supposed that the 
reacted polymer would contain units including sul- 
fomethylamide groups. According to a working ex- 
ample a poiyacrylamide solution is reacted with 30 
formaline and sodium metabisulfrte at 50* C to give 
a clear viscous solution. 

Neither this specific example nor the supposed 
structure are supported by analytical or spec- 
troscopic data which could establish the presence 35 
of sulfomethylacrylamide units. In an article pub- 
lished in the December 1956 issue of Industrial and 
Engineering Chemistry, vol. 48, no. 12. pages 
2132-7, A.M. Schiller and TJ. Suen also reported 
on a technique of introducing sodium sulfomethyl 4o 
groups into poiyacrylamide through the reaction 
with formaldehyde and sodium bisulfite. The au- 
thors taught that the sulfomethylation reaction 
would take place at pH levels of higher than 10 and 
at temperatures in the order of 50-75' C. This 45 
teaching has remained uncontroverted in the litera- 
ture during the years Intervening to the present. 

The present Invention relies on the fundamen- 
tal and surprising experience that with use of 
Carbon-13 Nuclear Magnetic Resonance technol- 50 
ogy unexpectedly no sulfomethylation of 
poiyacrylamide occurs under the reaction condi- 
tions of both high pH and comparatively low tem- 
perature which conditions were specified by Schil- 
ler and Suen in the referenced article and in the 55 
US patent 27 61 834. Instead, poiyacrylamide un- 
dergoes hydrolysis in the reaction milieu and com- 
pl x equilibria species form among formaldehyde, 


bisulfite and the ammonia that is generated. 

Consequently, in the state of art references 
factually no practical route was disclosed or sug- 
gested to really obtain sulfomethylated 
poiyacrylamide structures. 

The object of the present invention is to pro- 
vide sulfomethyl poiyacrylamide structures estab- 
lished by reliable methods of analysis and a meth- 
od of synthesizing such sulfomethyl 
poiyacrylamide structures by using formaldehyde 
and bisulfite. A method was aspired which would 
open a simple, effective and inexpensive chemical 
route to sulfomethyl acrylamide polymers. 

According to the present invention sul- 
fomethylamide containing polymers are prepared 
from acrylamide-containing polymers with sodium 
formaldehyde bisulfite (or formaldehyde and so- 
dium bisulfite) in from 1/4 to 8 hours at a tempera- 
ture of 1 10* C to 250° C under agitation and prefer- 
ably at a pH of less than 12, in particular at a pH of 
3 to 8. Under these reaction conditions, sul- 
fomethylamide readily forms in high conversion, 
based on the sodium formaldehyde bisulfite 
charged. The products, characterized by C-13 
NMR spectroscopy, Infra-Red spectroscopy, and 
colloid titration, contain at least three functional 
groups: namely, carboxylate, primary amide and 
sulfomethylamide. It was found that the elapsed 
time for completing the sulfomethylation is the re- 
sult of such reaction kinetics as pH and tempera- 
ture and not an independent variable. 
In the drawings. 

Fig. 1 is Carbon-13 Nuclear Magnetic Reso- 
nance spectrum of a solution of poiyacrylamide 
and sodium formaldehyde bisulfite, at a pH of 
12, after mixing; 

Rg. 2 is a similar spectrum after the solution 
was heated for 4 hours at 75* C; and 
Rg. 3 is the Carbon-13 NMR spectmm for sul- 
fomethylamide copolymer according to the 
present invention. 

The reaction of poiyacrylamide with formal- 
dehyde and bisulfite to produce the sulfomethylat- 
ed amide is of considerable interest because of the 
many industrial applications that have been pro- 
posed for inexpensive polymeric sulfonates, such 
as water treatment agents, drilling field dispersants 
and flocculents. A variety of reactions have been 
postulated as taking place in the aforementioned 
chemical system, but no persuasive evidence has 
been adduced heretofore to support the proposition 
that sulfomethylation of the amide occurs under the 
conditions generally thought to produce this ad- 
duct. On the contrary, it was learned that the major 
products formed at a pH of 12 and at temperatures 
in the order of 75 'C are partially hydrolyzed 
poiyacrylamide and the mono-, bis- and tris-sul- 
fomethylamine. 
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The starting polymer is an acrylamide units 
containing polymer and preferably an aery I amide- 
acrylic acid copolymer, in particular witli a ratio of 
about 75 mol percent of acrylamide units. 

Advantageously, polyacryiamide is first ob- 
tained from the polymerization of acrylamide in an 
aqueous solution using redox initiators. Polymeriza- 
tions conducted in a 28% solution produced poly- 
mer having an average molecular weight of 6000 
as determined by GPC. The source of fonmal- 
dehyde and bisulfite for the subsequent sul- 
fomethylation reaction was selected to be 1:1 so- 
dium formaldehyde bisulfite 
(hydroxymethanesulfonic acid, sodium salt) pur- 
chased from a commercial source. This latter ma- 
terial exhibited a sharp C-13 line at pH 6 and was 
employed without further purification. As reaction 
medium preferably an aqueous medium is used. 

Reaction conditions and results are set forth in 
the working examples described hereinbelow; and 
Carbon-13 NMR spectra were obtained using a 
JEOL® FX90Q operating at 22.5 MHz for carbon. 
Since no attempt was made to quantify either reac- 
tants or products, spectra were obtained using 45 
pulses, noise decoupling, and recycle times of 3 
seconds. At the end of accumulation, an insert 
containing hexamethyl disiloxane was introduced 
into the sample tube. The resulting peak was used 
to reference chemical shifts to TMS (all references 
herein to chemical shifts use the delta scale). 
Spectra were taken at 30 "C and represent the 
addition of 3000 transients. Since spectral accu- 
mulation requires about 2.5 hours, the spectrum 
obtained "after mixing" represents a composite 
species evolving during this period. 

The sulfomethylated polymer of the present 
invention comprise poly{sulfom ethyl acrylamide) 
units and a preferred sulfomethylated polymer 
comprise at least three functional groups selected 
from the group consisting of carboxylate, primary 
amide and sulfomethylamide groups, especially 10 
to 20 % of suKomethylamide groups and 30 to 40 
% of carboxylate groups, the percentages being 
related to the mol proportion in the polymer. 

The temn "sulfomethylpolyacrylamide" is used 
herein to encompass the sulfomethylated homo- 
polymers of acrylamide or their homologs and the 
sulfomethylated copolymers, including terpotymers, 
of acrylamide or their homologs, with acrylic acid 
or its homologs, the essential characteristic of the 
polyacryiamide moiety being the presence of a 
primary amide group. 

Sulfomethylated polymers of the invention are 
characterized by a carbon-13 NMR spectrum hav- 
ing signals at 56.5 (methylene) and 178 (secondary 
amide carbonyl) and IR absorption bands at 1 ,200, 
1,050 and 1.500 cm~\ 


Example 1 

A solution of poly(acryIamide [75 m %]-acrylic 
acid) (150 g, 27.5% in water) and sodium formal- 

5 dehyde bisulfite (15.5 g), pH 4.3, was heated to 
150° C. and maintained at that temperature for four 
hours in a 300 ml. Parr reactor which was equipped 
with a mechanical stirrer and a thermocouple. The 
resultant product was cooled to room temperature. 

10 The pH of the resulting polymer solution was 5.9. 
Results of C-13 NMR analysis showed that the 
polymer contained about 20% sulfomethylamide 
and about 30% carboxylate. 

76 Example 2 

A solution of poly(acryIamide [75 m %]-acrylic 
acid) (150 g, 27.5% in water) and sodium formal- 
dehyde bisulfite 15.5 g), pH 4.3, was heated to and 

20 maintained at 120*C. for four hours in a 300 ml. 
Parr reactor which was equipped with a mechanical 
stirrer and a thermocouple. The resultant product 
was cooled to room temperature. The pH of the 
resulting polymer solution was 5.6. Results of C-13 

25 NMR analysis showed that the polymer contained 
about 15% sulfomethylamide and about 40% car- 
boxylate. 

Example 3 

30 

(a) A solution of polyacryiamide (100 g, 28.5%) 
and sodium formaldehyde bisulfite (16.1 g), pH 
adjusted to 13 with 50% NaOH, was heated to 
50 "C. for three hours. Results of C-13 NMR 

35 analysis of the product showed no sul- 
fomethylamide fonmation. 

(b) The reaction mixture was again heated, to 
90 *C. for three hours. Results of C-13 NMR 
analysis of the product showed no sul- 

40 fomethytamide formation, 

(c) The reaction mixture was then heated in a 
Parr reactor to 150" C. for four hours. The pH of 
the final polymer solution was 9.8. Results of C- 
13 NMR analysis of the pipduct showed that the 

45 resulting polymer contained about 10% sul- 
fomethylamide. 
In order to enhance the understanding of the 
invention, reference will now be made to the draw- 
ing. There, Figs. 1 and 2 are Carbon-13 NMR 
50 spectra established by the aforementioned Dennis 
P. Bakalik for a solution of polyacryiamide and 
sodium formaldehyde bisulfite (1:0.5), at a pH of 
12. The spectrum of Fig. 1 demonstrates that some 
reaction takes place rather quickly at ambient tem- 
55 peratures and high pH. 

The species principally responsible for the 
spectrum of Rg. 1 can be assigned and indicate 
the formation of a terpolymer of acrylamide, 
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methylol acrylamide, and acrylate salt in addition to 
some low molecular weight species derived from 
formaldehyde, bisulfite and ammonia. The peak at 
180.3 is due to the carbonyl of acrylamide in the 
terpolymer, while the broad peaks at 35.8 and 42.9 
represent backbone carbons. The peaks at 177.9 
and 64.4 are indicative of the carbonyl and 
methylene of methyloi acrylamide units. The peak 
at 183.7 results from the acrylate carbonyl pro- 
duced via hydrolysis. 

Other major peaks present in the spectrum of 
Rg. 1 include those at 79.1. 78.1. 68.2 and 65.2. 
The broad peak at 78.1 can be assigned to unreac- 
ted hydroxymethanesulfonate, through spiking ex- 
periments, while the peak at 65.2 represents the 
reaction product of ammonia with two motes of 
hydroxymethanesulfonate. The species responsible 
for the peak at 68.2 is a reaction product of ammo- 
nia with formaldehyde since this species can be 
generated through stepwise addition of ammonium 
hydroxide to an aqueous solution of paraformal- 
dehyde at pH = 12. The exact nature of this 
formaldehyde-ammonia adduct is unknown. The 
peak at 79.1 results from molecular species de- 
rived from ammonia, formaldehyde and bisulfite, 
other than the 1:1, 1:2, and 1:3 complexes. It Is 
sufficient to note that, upon heating, neither of the 
unassigned species. 68.2 nor 79.1, survive and 
both are converted into the following reaction pro- 
ducts: 

(1) H2NCH2S03Na 

(2) HN(CH2S03Na)2 

(3) N(CH2S03Na)3 

The spectrum of Rgure 2 was obtained after 
heating the reaction mixtures for 4 hours at 75 *C. 
These are conditions that have been taught in tfie 
prior art as producing sulfomethylated 
polyacrylamide. The two major groupings of peaks 
in the carbonyl region at 180.5. 181.0 and 183.9, 
184.4 are from acrylamide and acrylate carbonyls 
respectively. These pairs of peaks represent the 
major sequence tri^s generated on basic hydroly- 
sis of polyacrylamide. The broad peaks at 35.8, 
42,9, and 45.5 are due to backbone carbons of the 
copolymer. 

The peaks at 60.4, 65.3 and 69.7 are assigned 
respectively to the mono-, di- and tri-substituted 
amines resulting from reaction of ammonia with 
hydroxymethanesulfonate. These assignments 
were made by examining the intercon version of 
species in the reaction of ammonia with sodium 
formaldehyde bisulfite under a variety of 
stoichiometric conditions. 

Significantly, the spectrum of Rg. 3. represent- 
ing a reaction product according to the present 
invention, exhibits an absence of peaks at 60.4. 


65.3 and 69.7, representing the substituted amines, 
furthermore, the spectrum of Rg. 3 is characterized 
by the occurrence of signals at 56.5 and 178. The 
178 signal is consistent with the presence of a 
s secondary amide. The 56.5 signal was determined 
to be a methylene from an off-resonance experi- 
ment. The broadness of this signal suggests it is a 
part of the polymer. The signal is assigned to the 
methylene between the nitrogen of the amide and 
10 the sulfur of the sulfonate. 

The presence of sulfonate is further confirmed 
by absorption bands at 1200 and 1050 cm~' in IR 
spectra of sulfomethylamide copolymer prepared 
according to the present invention at a pH of 5.5, 
75 and when acidified to a pH of 1. The presence of 
secondary amide is confirmed by an absorption 
band at 1550 cm"^ after tfie sample was acidified 
to pH 1 to remove carboxylate salt interference. 
The amount of sulfomethylamide group incor- 
20 porated into the copolymers can be determined by 
photometric colloid titration at two pH's. The princi- 
ple of this method is based on ihe fact that formal- 
dehyde bisulfite will not be detected by this meth- 
od. At a pH of 2-3, the carboxylic acid functionality 
25 will be negligibly ionized so that only the strong 
sulfonate group incorporated in the backbone will 
be determined by titration. At a pH of 10, since the 
carboxylic acid is completely ionized, both it and 
tiie sulfonate group will be titrated. The amount of 
30 sulfomethylamide incorporation determined by this 
metiiod is in good agreement with that determined 
by the C-13 NMR metiiod. 

Claims 

35 

1. A metfiod for the preparation of sulfomethyl 
polyacrylamide polymers wherein an ac- 
rylamide units containing starting polymer is 
reacted with formaldehyde and bisulfite by 

40 heating together and agitating, characterized in 
tiiat the reaction is carried out at a temperature 
of 110' C to 250" C. 

2. The method of claim 1, characterized in that 
45 the initial pH of the reaction mixture is adjusted 

to less than about 1 2. 

3. The method of claim 1 or 2, characterized in 
that the initial pH of tiie reaction mixture is 

50 adjusted to between 3 and 8. 

4. The method according to any of claims 1 to 3, 
characterized in that the starting polymer is an 
aery lam ide-acry lie acid copolymer, preferably 

55 with a ratio of about 75 mol percent of ac- 
rylamide units. 

5. The method according to any of claims 1 to 4, 
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characterized in that the reaction is perfornned 
within a period of 15 minutes to 8 hours. 

6. The method according to any of claims 1 to 5, 
characterized in that as the reaction medium 
an aqueous medium is used. 

7. Sulfomethytated polymer comprising poly- 
(sulfomethylacrylamide) units which is obtain- 
able according to the method of any of claims 
1 to 6. 

8. Sulfomethylated polymer according to claim 7, 
comprising at least three functional groups se- 
lected from the group consisting of carbox- 
ylate, primary amide and sulfomethylamide 
groups. 

9. Sulfomethylated polymer according to any of 
claims 7 to 8, comprising 10 to 20 % of 
sulfomethylamide groups and 30 - 40 % of 
carboxylate groups, the percent being related 
to the mol proportion in the polymer. 

10. Sulfomethylated polymer according to any of 
claims 7 to 9, characterized in that its carbon- 
13 NMR spectrum reveals signals at 56,5 
(methylene) and 178 (secondary amide car- 
bonyl) and IR absorption bands at 1.200. 1.050 
and 1.500 cm~^ 

11. Sulfomethylated polymer according to any of 
claims 7 to 10. characterized In that it is a 
copolymer or a terpolymer of acrylamide 
and/or its homologs with acrylic acid and/or its 
homologs. 

Revendications 

1. Precede de preparation de polym^res de sul- 
fomethyl polyacrylamide, dans lequel on fait 
r6agir un polymere de depart contenant des 
unites d'acrylamide avec du formaldehyde et 
du bisulfite en les chauffant ensemble et en les 
agitant. caracteris^ en ce que la reaction est 
realisee a une temperature de 110'C a 
250 *a 

2. Precede suivant la revendicatlon 1 , caracterls^ 
en ce que Ton ajuste le pH initial du melange 
de reaction h moins d*environ 1 2. 

3. Precede suivant I'une ou Tautre des revendica- 
tions 1 et 2. caract^rise en ce que Ton ajuste 
le pH Initial du melange de reaction entre 
environ 3 et 8. 

4. Precede suivant Tune quelconque des revendi- 


cations 1 a 3, caracteris^ en ce que le polyme- 
re de depart est un copolymere d'acrylamide- 
acide acrylique, et de preference avec un rap- 
port d'environ 75 moles % d'unitds d'acrylami- 
5 de. 

5. Precede suivant Tune quelconque des revendi- 
cations 1 a 4, caract^rise en ce que Ton reali- 
se la reaction en une p^riode de 15 minutes k 

10 8 heures. 

6. Proc6de suivant I'une quelconque des revendi- 
catlons 1 a 5, caracterisd en ce que Ton utilise 
comme milieu de reaction un milieu aqueux. 

75 

7. Polymere sulfomethyi^ comprenant des unites 
de poly(sulfomethyl acrylamide), que Ton peut 
obtenir par le procide suivant Tune quelcon- 
que des revendications 1 k 6. 

20 

8. Polymere sulfom^thyie suivant la revendication 
7. caracterise en ce qu'il comprend au moins 
trois groupes fonctionnels choisis dans le grou- 
pe comprenant les groupes carboxylate, amide 

25 primaire et sulfomethylamide. 

9. Polymere sulfomethyle suivant I'une quelcon- 
que des revendications 7^8, caracterise en 
ce qu'il comprend 10 ^ 20 % de groupes 

30 sulfomethylamide et 30 ^ 40 % de groupes 

carboxylate, les pourcentages etant lies k la 
proportion molaire dans le polymere. 

10. Polymere sulfomethyle suivant Tune quelcon- 
35 que des revendications 7^9, caracterise en 

ce que son spectre RMN de carbone-13 revele 
des signaux k 56.5 (methylene) et 178 
(carbonyle d 'amide secondaire) et des bandes 
d'absorption IR k 1200, 1050 et 1500 cm'\ 

40 

11. Polymere sulfomethyle suivant Tune quelcon- 
que des revendications 7^10. caracterise en 
ce qu'it est un copolymere ou un terpolym^re 
d'acrylamide et/ou de ses homologues avec de 

45 Tacide acrylique et/ou ses homologues. 

PatentansprUche 

1. Verfahren zur Herstellung von 
50 Sulfomethylpolyacrylamid-Polymeren. bel dem 

ein Acrylamideinheiten enthaltendes Aus- 
gangspolymer mit Formaldehyd und Bisulfit 
unter Erhltzen und Ruhren umgesetzt wird, da- 
durch gekennzeichnet . dafl man die Umset- 
55 zung bei einer Temperatur von 110* C bis 

250'C ausfOhrt. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
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zeichnet. dali der pH-Wert des Reaktionsgemi- 
sches anfangs auf weniger als etwa 12 einge- 
stellt wird. 

3. Verfahren nach Anspruch 1 Oder 2, dadurch 5 
gekennzeichnet, dai3 der pH-Wert des Reak- 
tionsgemisches anfangs auf einen Wert zwi- 
schen 3 und 8 eingestellt wird. 

4. Verfahren nach einem der Ansprliche 1 bis 3, io 
dadurch gekennzeichnet, dai3 das Ausgangs- 
polymer ein Acrylannid-Acrylsaure-Copolynner, 
bevorzugt mit einem VerhSltnis von etwa 75 
Mol-% Acrylamideinheiten ist. 

IS 

5. Verfahren nach einem der AnsprOche 1 bis 4, 
dadurch gekennzeichnet, daiS die Umsetzung 
innerhalb eines Zeitraums von 15 Minuten bis 
8 Stunden durchgefUhrt wird. 

20 

6. Verfahren nach einem der AnsprOche 1 bis 5, 
dadurch gekennzeichnet, 6aB als Reaktionsme- 
dium ein wa6riges Medium verwendet wird. 

7. Sulfomethyliertes Polymer mit Poly- 25 
{sulfomethylacrylamid)-Etnheiten, erhSltlich 
nach dem Verfahren gemafl einem der AnsprO- 
che 1 bis 6. 

8. Sulfomethyliertes Polymer nach Anspruch 7 30 
aus mindestens drei funktionellen Gruppen. 
gewahlt aus der Reihe der Carboxylat-. prima- 

ren Amid- und Sulfomethylamidgruppen. 

9. Sulfomethyliertes Polymer nach einem der An- as 
spruche 7 bis 8, aus 10 bis 20 % Sulfomethy- 
lamidgruppen und 30 - 40 % Carboxylatgrup- 
pen, wobei die Prozente auf den Molanteil in 
dem Polymeren bezogen sind. 

40 

10. Sulfomethyliertes Polymer nach einem der An- 
sprOche 7 bis 9. dadurch gekennzeichnet , dai3 
sein C-1 3-NMR-Spektrum Signale bei 56.6 
(Methylen) und 178 (sekundares Amidcarbo- 

nyl) und das IR-Absorptionsspektrum Banden 45 
bei 1 .200, 1 .050 und 1 .500 cm"^ zeigt. 

11. Sulfomethyliertes Polymer nach einem der An- 
sprOche 7 bis 10, dadurch gekennzeichnet, 

daJ5 es ein Copolymer oder ein Terpolymer 50 

von Acrylamid und/oder dessen Homologen 

mit Acrylsaure und/oder dessen Homologen 
Ist. 
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''■■'c-NMR spectrum from reaction of polyacrylamide and sodium formaldehyde 
bisulfite pH = 12, after mixing only. 
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C-NMR spectrujn from reaction of polyacrylamide and sodium formaldehyde 
bisulfite pH » 12, after mixing and heating 
at 75*0. for 4 hours. 


FIG. 3 
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C-NMR spectrum of the reaction of aery lamide-acry late copolymer and 
hydroxy-methanesulfonic acid^ sodium salt, pH «» 5.6, 
after mixina and heatino at ISO'C. for 4 hours. 
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